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• This study reports the existence of
SARS-CoV-2 on the high-touch surfaces
of dwelling environment.

• Environmental results showed the
widespread distribution of SARS-CoV-2
during the incubation period.

• Inner walls of the toilet bowl and the
sewer inlet were the most contami-
nated sites.

• After the first disinfection, SARS-CoV-2
was still detectable on some object
surfaces.
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We collected environmental surface samples prior to and after disinfection of a quarantine room to evaluate the
stability of SARS-CoV-2 during the incubation period of an imported case traveling to Qingdao, China. Overall, 11
of 23 (47.8%) of the first batch of environmental surface samples (within 4 h after case confirmation)were tested
positive for SARS-CoV-2. Whereas only 2 of 23 (8.7%) of the second batch of environmental samples (after first
disinfection) were tested positive for SARS-CoV-2. The majority of samples from the bedroom (70%) were posi-
tive for SARS-CoV-2, followed by 50% of samples from the bathroom and that of 33% from the corridor. The inner
walls of toilet bowl and sewer inlet were the most contaminated sites with the highest viral loads. SARS-CoV-2
waswidely distributed on object surfaces in a quarantine roomof a later diagnosed COVID-19 case during the in-
cubation period. Proper disinfection is crucial to minimize community transmission of this highly contagious
virus.

© 2020 Published by Elsevier B.V.
e Control and Prevention of Qingdao, Qingdao Institute of PreventionMedicine, No.175 Shandong Road, Qingdao City, Shandong

tiousDiseases,Municipal Centre ofDisease Control andPrevention ofQingdao,Qingdao Institute of PreventionMedicine, No.175
, China.
583206500@163.com (F. Jiang).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2020.140620&domain=pdf
https://doi.org/10.1016/j.scitotenv.2020.140620
mailto:ruqingao123@sina.com
mailto:13583206500@163.com
https://doi.org/10.1016/j.scitotenv.2020.140620
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/scitotenv


2 X. Hu et al. / Science of the Total Environment 742 (2020) 140620
1. Introduction

The pandemic of coronavirus disease 2019 (COVID-19) due to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been
sweeping across over 200 countries and regions, causing nearly 480
thousand deaths worldwide (WHO, 2020). At present, several surface
sampling studies have indicated positive results for SARS-CoV-2 detec-
tion, however, they only focused on intensive care units and general
wards of hospitals where confirmed patients stayed for several days
(Faridi et al., 2020; Guo et al., 2020; Ong et al., 2020). Thus, there has
been limited data regarding the contamination of dwelling environ-
ment during the incubation period.

In China, where the outbreak was first reported (WHO, 2020),
thanks to series of aggressivemeasures such as strict traffic control, uni-
versalmasking and highly restrictive form of social distancing, there has
been a dramatic decrease of domestic cases (Chen et al., 2020). How-
ever, the country is now facing the threat of imported infections (Xu
et al., 2020). A thorough understanding of environmental contamina-
tion by SARS-CoV-2 in quarantine rooms for overseas travelers would
help expand knowledge of viral transmission route and facilitate proper
infection control precautions.
2. Methods

OnMarch 24, 2020, an overseas student (20-year-old Chinesemale)
arrived in Qingdao, China from the United States. He had no fever or
other symptoms on arrival and was sent to a designated hotel for a
14-day centralized quarantine. He is the only person in the quarantine
room, and there was no other confirmed COVID-19 case ever staying
in this room. His nasopharyngeal samples obtained on March 24, 25
and 28were all negative for SARS-CoV-2. On the twelfth day of the quar-
antine (April 5), the patient developed symptoms including fever and
chills. He was immediately transferred to the local hospital and naso-
pharyngeal swabs, sputum specimens and fecal specimens taken on ad-
mission were all positive for SARS-CoV-2.

Environmental surface samples were obtained prior to and after
disinfection of the quarantine room to evaluate the stability of
SARS-CoV-2 during the patient's incubation period. As shown in
Fig. 1, a total of 23 sites were sampled from the quarantine room.
The surface of the entire item was swabbed except for the pillow,
the sheet, and the mattress by vigorously swabbing 10 times hori-
zontally and vertically in a contact area of 100 cm2. All sites were
sampled three times with a sterile polyester-tipped applicator pre-
moistened in viral transport medium, and the first batch of environ-
mental surface samples were taken within 4 h after case confirma-
tion (on April 5); subsequent environmental samples were taken
within 24 h after every disinfection (on April 6 and April 7, respec-
tively). Once the patient was confirmed with COVID-19, sodium hy-
pochlorite (containing 1000 mg/L available chlorine) was used to
disinfect the patient's quarantine room based on the protocol of Chi-
nese Centers for Disease Control and Prevention (China CDC, 2020).
Detailed procedures of sample collection and room disinfection
were described in Supplementary Materials. All samples were sent
to Qingdao Municipal Center for Disease Control and Prevention for
centralized RT- PCR testing for the detection of SARS-CoV-2. A Ct
value less than 37 was defined as positive, and a Ct value of 40 or
more was defined as a negative test. An equivocal result, defined as
a Ct value between 37 and 40, was required confirmation by
retesting. If the repeated Ct value was less than 40 and an obvious
peak was observed, or if the repeated Ct value was less than 37, the
retest was deemed positive.

This study was approved by the Ethics Commission of Municipal
Centre of Disease Control and Prevention of Qingdao and written in-
formed consent was waived considering the emergency of infectious
disease.
3. Results

The predominant symptom at the onset of the illness was fever
(highest temperature 37.8 °C),which lasted for 2 days. Other symptoms
included chills, cough, sore throat and sputum production. The patient
was in a stable condition during the course of the disease. Radiological
and laboratory findings showed no specific changes of COVID-19. Over-
all, 11 of 23 (47.8%) of the first batch of environmental surface samples
were tested positive for SARS-CoV-2, and the Ct values for frame 1ab
(ORF1ab) ranged from 26 to 39, with a median of 35 (Supplementary
Material, Table 1). Whereas only 2 of 23 (8.7%) of the second batch of
environmental samples were tested positive for SARS-CoV-2. After re-
peated disinfection of the quarantine room, no environmental viral
RNA was detected in the third sampling. Three functional areas of the
quarantine room were detected positive for Reverse-Transcription PCR
(RT-PCR) testing, including the corridor, the bathroomand the bedroom
(except for the living room). The majority of samples taken from the
bedroom (70%) were tested positive for SARS-CoV-2, followed by 50%
of samples taken from the bathroom and that of 33% from the corridor.
The inner walls of toilet bowl and sewer inlet were the most contami-
nated sites with the highest viral loads (as reflected by the reverse of
Ct values). Interestingly, Ct value of the environmental sample taken
from the inner wall of toilet bowl (Ct: 26) was in the middle of that of
respiratory samples (nasopharyngeal swab Ct: 20; sputum specimen
(Ct: 24) and stool specimen (Ct: 34) at the onset of the illness.
4. Discussion

Our study demonstrated extensive environmental contamination of
SARS-CoV-2 in a quarantine room of an overseas COVID-19 patient dur-
ing the incubation period. The highly contagious virus has been de-
tected in the air and on object surfaces of hospital wards for COVID-19
patients (Faridi et al., 2020; Guo et al., 2020; Ong et al., 2020). Experi-
ments conducted under controlled laboratory conditions revealed that
the virus could remain viable and infectious on object surfaces for up
to several days (van Doremalen et al., 2020). However, there has been
a paucity of data regarding environmental contamination by
SARS-CoV-2 during the incubation period. Detectable virus in the indoor
environment of the quarantine room as shown in this study indicates
environmental contamination might happen before clinical manifesta-
tion. Strict adherence to personal protective equipment (PPE) and pre-
cautionary approaches are advised to safeguard staff working in the
centralized quarantine facilities.

Furthermore, the inner wall of toilet bowl was the most contami-
nated site with viral loads in the middle of respiratory samples and
stool specimens, suggesting the extent of environmental contamination
was closely correlated to SARS-CoV-2 shedding route. Except for the
major routes including respiratory droplets and close contact (Guan
et al., 2020; Huang et al., 2020), several other routes have been pro-
posed for possible transmission of SARS-CoV-2, particularly, prolonged
fecal shedding of viral particles (Cheung et al., 2020; Xing et al., 2020).
Of note, SARS-CoV-2 could still be found on the surfaces of toilet bowl
and sewer inlet after the first disinfection, but all environmental sam-
ples taken at the same sites turned negative for the virus after the sec-
ond disinfection. Different techniques for disinfection might present as
one of the possible explanations. Disinfectant spray was used for the
first disinfection campaign, whereas immersion disinfection was ap-
plied for the second time. Hence, disinfectant immersion might be
more effective for object surfaces like toilet bowl and sewer inlet. Such
results highlight the importance of proper disinfection for the contami-
nated environment to reduce the exposure risk of SARS-CoV-2.

The limitations of this study should also be addressed. We were un-
able to collect air samples of the quarantine room to evaluate aerosol
distribution characteristics. Moreover, results from this study were
based on only one case of COVID-19, and further investigations with a



Fig. 1. Environmental sampling sites and its Ct values in the quarantine room.
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larger sample size would bewarranted.We neither performed isolation
of the virus to determine its viability on environmental surfaces.

Taken together, this study showed the widespread distribution of
SARS-CoV-2 on object surfaces in a quarantine roomof a later diagnosed
COVID-19 case during the incubation period. Proper disinfection is
Table 1
Distribution of Ct values of environmental surface samples among each functional area of
the quarantine room.

Functional area Positive/total Minimum Median Maximum

Corridor 1/3 (33%) 32 32 32
Bathroom 3/6 (50%) 26 33 34
Bedroom 7/10 (70%) 35 38 39
Living room 0/4 (0) N40 N40 N40
necessary to minimize community transmission of this highly conta-
gious virus. In face of the increasing risk of imported infections from
overseas, strict adherence of protective measures is of paramount im-
portance to control the spread of SARS-CoV-2.
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